Experimental

Catalyst preparation
Characterisation
XPS was conducted using a Physical Electronics (PHI) Quantum 2000 X-ray photoelectron spectrometer featuring monochromatic Al-Ka radiation, generated from an electron beam operated at 15 kV and 32.3 W, and a hemispherical capacitor electron-energy analyser, equipped with a channel plate and a position-sensitive detector. The samples were firmly pressed onto indium foil patches, which were then mounted onto a sample platen and introduced into the spectrometer. The analyses were conducted at 2 × 10 −7 Pa, with an electron take-off angle of 45°, and operating the analyser in the constant pass energy mode. Shirley-background subtraction was applied to all spectra while setting the main C1s peak to E = 284.8 eV for charge compensation. Mole fraction of phosphorus on the catalyst surface was determined by eqn. S4. Electron microscopic investigations were performed using an FEI Talos F200X operated at 200kV for both TEM and STEM modes. The instrument is equipped with a SuperX EDX consisting of four SDD detectors. Atomic number sensitive, high-angle annular dark-field (HAADF) STEM was utilized to complement the EDX STEM analyses for the elemental distribution mappings and composition evaluations. Samples for microscopy were prepared by depositing the dry powder onto lacey carbon-coated copper grids.
Catalytic evaluation
Apparent reaction rate of TB to (phosphated) TiO2 (rc) was determined using equation S1: c mmol dm () 
where treaction is the time of reaction and Vreactor is the volume of the reactor.
Mole fraction of phosphorus in the catalyst bulk or on the catalyst surface was calculated by equation S4:
where n(Ti)/n(P) is the molar ratio determined by XRF (bulk) or XPS (surface).
Conversion of glucose (Xglucose) upon synthesis of 5-HMF was calculated using equation S5:
where bglucose,op and bglucose,ip are the mass concentrations of glucose in the organic and in the inorganic phase, respectively, determined by HPLC of the two phases separated after reaction, Vop
and Vip are the volumes of the organic and inorganic phases, respectively, and mglucose(0) is the mass of glucose at the beginning of the reaction.
Selectivity towards 5-HMF (S5-HMF) was determined applying equation S6: where b5-HMF,op and b5-HMF,ip are the mass concentrations of 5-HMF in the organic and in the inorganic phase, respectively, determined by HPLC of the two phases separated after reaction and Mglucose and M5-HMF are the molecular weights of glucose and 5-HMF, respectively.
Catalyst surface based rate of 5-HMF formation (rs) was calculated using equation S7:
where SBET is the surface area determined by the BET method from the N2 sorption isotherm. (Table S3 ) to correlate catalyst synthesis parameters with catalyst properties and (space-time) yield of catalyst. (Table S4) to correlate catalyst properties with catalytic performance upon 5-HMF synthesis from glucose.
Design of Experiments (DoE)
sample P-TiO2-mr-# rc (mmolTB dm −3 s −1 ) YTiO 2 (%) STYcat (gcat h −1 cmreactor −3 ) xP,bulk (-) dcrystal (nm) SBET (m 2 gcat −1 ) dpore (nm) Vpore (cm 3 gcat −1 ) Xglucose (%) S5-HMF (%) rs (g5-HMF h −1 mcat −2 )
Results
On the catalytic role of acids on hydrolysis upon sol-gel synthesis of HNO3
YTiO 2 decreased from 99.2 to 90.9% for samples P-TiO2-mr-7 and -8, respectively, which were synthesised under similar conditions but with significantly lower molar acid feed ratios (ṅHNO 3 /ṅTB, ṅH 3 PO 4 /ṅTB) in case of the latter (Tables S1 and S2 ). Sample P-TiO2-mr-1 featured a high amount of HNO3 (ṅHNO 3 /ṅTB ~ 0.9) and a low amount of H3PO4 (ṅH 3 PO 4 /ṅTB ~ 0.05) while sample P-TiO2-mr-5 exhibited the opposite (ṅHNO 3 /ṅTB ~ 0.5 and ṅH 3 PO 4 /ṅTB ~ 0.4) but both showed an almost identical YTiO 2 (87.4 vs. 87.9%). This result unveiled that i) the catalytic role could be taken on by both HNO3 and H3PO4 and ii) it does not matter whether the acid was admixed in MX1 or MX2 of the set-up.
Further results
Fig. S3
Space-time yield of catalyst of the microreactor prepared catalysts as a function of space velocity. Red symbols mark the samples prepared at low SV (<40 h −1 ) and for which low reaction rates were obtained (see Fig. 3c ). The black solid symbol represents the result of P-TiO2-mr synthesised under optimal conditions. 
Fig. S11
Pore volume (Vpore) of samples P-TiO2-mr-1-18 (Table S4 ) as a function of their BET surface area (SBET).
Fig. S12
BET surface area (SBET) of samples P-TiO2-mr-1-18 (Table S2 ) as a function of their corresponding crystallite size (dcrystal). Sinha, A. Bhaumik, Phys. Chem. Chem. Phys. 2010, 12, 9389-9394) , desorption peaks in the range of 473-673 K can be assigned to acid sites of medium strength while peaks at higher temperatures can be attributed to strongly acidic centres. The results reflect the observations from FT-IR of pyridine adsorbed, TPRS or n-propylamine, and 13 P MAS NMR: desorption peaks of phosphated samples are much larger compared to pure TiO2 samples meaning the first ones feature excessively more acid sites. Considering the phosphate samples, the main peak shifted to higher desorption temperatures in case of the microreactor sample with respect to the batch catalyst in line with the enhanced preservation of acid properties upon temperature increase in vacuum as evidenced by FT-IR (Fig. 9) .
The desorption peak of samples P-TiO2-mr and P-TiO2-b in Fig. S14 and the MS signals upon TPRS of n-propylamine (Fig. S15) hinted to the presence of different structures of the acid centres which could be substantiated by the 13 P MAS NMR spectra of these samples (Fig. 12 ). 
